The aim of this study was to investigate histology characteristics in the small intestine of Santa Ines lambs fed bovine or ovine colostrum. At 0 and 6 h of life, 12 newborn lambs received 250 ml of first milking bovine colostrum (BC) and another 12 animals received 250 ml of first milking ovine colostrum (OC). Samples of duodenum, jejunum and ileum were collected at 24 and 72 h of life. Six animals were sampled at birth, without colostrum intake (0 h). The histomorphologic analysis revealed differences between BC and OC groups in the jejunum and ileum segments. BC group had higher amounts of colostrum-filled vacuoles in the intestinal epithelium compared to OC group and the latter group had a higher number of empty vacuoles. However, at 72 h of life both groups revealed the end of the intestinal colostrum absorption. Regardless of the treatment, apical nuclei and vacuoles were mainly observed in the villi of animals at 0 and 24 h of life, and at 72 h the enterocytes had basal nuclei and cytoplasm without the presence of vacuoles. An interaction between treatment and period was observed in villus height and crypt depth in the jejunum (P < 0.05). In this segment, BC group showed the lowest villus height at 24 h of life (710.37 ± 115.79 µm) while OC group had the larger villus height (883.79 ± 207.24 µm) at 24 h than at 0 h of life (791.43 ± 129.19 µm) (P < 0.05). Lambs from BC group showed the deepest crypts at 72 h (157.15 ± 41.81 µm), followed by 24 h (100.08 ± 23.40 µm) and 0 h (84.89 ± 21.10 µm), and in OC group the deepest crypts were observed at 0 h (84.89 ± 21.10 µm), without the colostrum ingestion (P < 0.0%). The effects of treatment on the crypt depth were observed in the ileum (P < 0.05), crypts in BC group were deeper than in OC group (92.67 ± 21.47 and 83.12 ± 13.85 µm, respectively). The histological changes related to the ingestion of bovine colostrum did not apparently determine any consequences for enteric physiology. Thus, the results concerning the histologic and histomorphometric aspects confirm a possibility of successfully using bovine colostrum as a substitute for ovine colostrum in newborn lambs.
In ovines, similarly like in other ruminants, the gastrointestinal tract undergoes major changes in the first days of life (Sangild et al., 2000; Blätter et al., 2001; Bessi et al., 2002a,b; Poole et al., 2003; Pauletti et al., 2007) . The ingestion of colostrum is responsible for providing essential and non-essential nutrients and also significant amounts of hormones, such as growth factors and immunoglobulins (Odle et al., 1996; Kráčmar et al., 1999 Kráčmar et al., , 2004 Antunović et al., 2001; Krenková and Čanderle, 2001; Gajdůšek et al., 2001; Georgieva et al., 2003; Zándoki et al., 2006; Kinal et al., 2007) . The intake of growth factors is related to the modulation of gastrointestinal growth and maturation, as well as digestive and absorptive functions (Blum and Hammom, 2000; Blum and Baumrucker, 2002) .
Besides the beneficial effects of colostrum intake, some species such as ovines and caprines have Intestinal histology of Santa Ines lambs fed bovine or ovine colostrum in this secretion a vehicle for the transmission of pathogens and toxin elements (Callado et al., 2001; Álvarez et al., 2005; Antunović et al., 2005) . Keeping newborns apart from their mothers and providing a colostrum substitute are alternatives to prevent the acquisition of some diseases. The bovine colostrum is easily obtained in large volume and normally with high immunoglobulin concentration enabling the provision of this secretion to goats and sheep (Lima et al., 2009; Moretti et al., 2010a) . The aim of this study was to evaluate the effect of feeding bovine colostrum, as a substitute for ovine colostrum, on the histological and histomorphometric characteristics of the intestinal epithelium of newborn lambs.
MATERIAL AND METHODS

Animals, husbandry and experimental procedures
Thirty newborn Santa Ines lambs were kept, managed and treated in adherence to accepted standards for humane treatment of animals (authorized by USP/FZEA Ethics Committee).
Pools of first milking ovine colostrum were collected before the experiment from multiparous Santa Ines ewes and pools of first milking bovine colostrum from multiparous Holstein cows at the Centre for Animal Husbandry Practice (ESALQ/USP) where management follows the concepts of commercial production. The first milking colostrum was collected before newborn suckling. The bovine and ovine pools were distributed into vials of 250 ml, identified and stored at -20°C.
The lambs were removed from their mothers immediately after birth and prior to nursing. At 0 and 6 h of life, the animals were randomly distributed in two treatments. Twelve newborn lambs (birth weight of 3.79 ± 0.59 kg) received 250 ml of first milking Holstein bovine colostrum (BC) and another 12 animals (birth weight of 3.63 ± 0.77 kg) received 250 ml of first milking Santa Ines ovine colostrum (OC) by bottle. The colostrum was thawed out in water bath (54°C) prior to nursing. Lambs treated with BC and OC were randomly slaughtered at 24 and 72 h of life and six animals immediately after birth without colostrum ingestion.
Analyses of colostrum
Aliquots of bovine and ovine colostrum were used for the determination of their composition using standard procedures of AOAC (2000) . The IgG concentration in the pools of bovine and ovine colostrum was determined according to Mancini et al. (1965) and modified by Besser et al. (1985) . Colostrum composition is shown in Table 1 .
Intestinal histology and histomorphometry
The small intestine was removed and divided into the duodenum, middle jejunum and ileum. Segments of 5 cm were removed and fixed for 2 h in 4% phosphate buffer paraformaldehyde solution. Five thick cross-sectional 1-cm pieces were excised from each sample, washed with phosphate buffer sodium (PBS, 0.1M, pH 7.2), dehydrated and embedded in glycol methacrylate (JB-4, Polysciences, Inc., Warrington, USA). For each animal and segment, 30 non-serial sections 5 µm thick containing adjacent crypts and villi and muscle layer oriented were taken.
The sections were placed on slides, stained with 0.05% toluidine-blue O (Sigma Chemical Company, St. Louis, USA) solution, buffered with citric acid and anhydrate bi-phosphate solution (pH 4.5) and mounted with coverslip and synthetic resin. Villus height, crypt depth, and muscle layer thick- 
Statistical analysis
A completely randomized design was used. The statistical analysis was performed using SAS (1999) software. Histomorphometric values were arranged in a 2 × 2 +1 factorial scheme. Treatment, sampling period and lambs slaughtered just after birth were considered to be the main effects. This data was analysed as a generalized linear model using the PROC MIXED procedure (SAS, 1999) . Differences between means were analysed by Tukey's test (α = 0.05).
RESULTS
Intestinal histology
In the duodenum, no morphological differences were observed between lambs fed bovine or ovine colostrum. In this segment, the enterocytes did not show any vacuoles filled with colostrum. In the animals sampled at 0 h of life, intestinal villi showed enterocytes with apical nuclei and cytoplasm without vacuoles. At 24 h of life, the appearance of cells with basal nuclei was observed in the lower region of the villi. At 72 h of life, enterocytes with basal nuclei were predominant in the villi and empty vacuoles were observed at the tip of some villi.
At 0 h of life, the jejunum villi showed enterocytes with apical nuclei and small empty vacuoles. At 24 h of life, enterocytes with apical nuclei were observed in the villi of animals that ingested bovine and ovine colostrum. Displacement of some nuclei could be observed in cells that had large vacuoles filled with colostrum, particularly in the BC group. In this same period, there was a considerable amount of subnuclear large vacuoles filled with colostrum in the mediumapical portion of the villi of BC animals, revealing the intensive process of absorption in these animals ( Figure 1 ). In OC animals, fewer vacuoles containing colostrum were observed, as well as the presence of empty vacuoles at the tip of the villi, indicating lower activity of absorption in these animals ( Figure  1 ). At 72 h of life, enterocytes with apical nuclei were observed in the upper region of the villus and enterocytes with basal nuclei in the lower region, both in animals that ingested bovine and ovine colostrum. During this period, some animals in the BC group still had few vacuoles filled with colostrum.
In the ileum, the enterocytes showed basal nuclei in all periods and a pronounced presence of goblet cells. At 0 h of life, only empty vacuoles were observed in the enterocytes. At 24 h of life, vacuoles frequently filled with colostrum were observed in BC animals. In this period, the presence of empty vacuoles was observed in both groups. At 72 h of life, BC and OC animals did not show any vacuoles, either filled or empty. 
Intestinal histomorphometry
The villus height did not differ significantly in the duodenum and ileum segment, P > 0.05 (Table 2 ). In the jejunum segment a significant interaction was observed between treatment and period, P < 0.05 (Figure 2 ). Lambs from BC showed the lowest villus height at 24 h of life (710.37 ± 115.79 µm), and in the OC animals, the villus height was larger at 24 h (883.79 ± 207.24 µm) compared with that at 0 h of life (791.43 ± 129.19 µm). The lowest villus height was observed in the duodenum segment and the largest in the jejunum (P < 0.05).
In the duodenum, the crypt depth differed significantly among periods, P < 0.05 (Table 3 ). The deepest crypts were observed at 72 h of life (158.36 ± 108.34 µm). The significant effects of period and interaction between period and treatment were observed in the jejunum segment, P < 0.05 (Figure 3) . Lambs from BC showed the deepest crypts at 72 h (157.15 ± 41.81 µm). At 24 h, the crypts were deeper than at 0 h (100.08 ± 23.40 and 84.89 ± 21.10 µm, respectively). In OC animals, the deepest crypts were observed at 0 h of life, without colostrum intake. In the ileum, only a significant effect of treatment was observed, and crypts in BC were deeper than in OC (92.67 ± 21.47 and 83.12 ± 13.85 µm, respectively).
In the duodenum and jejunum, the ratios of villus height to crypt depth differed significantly among periods, P < 0.05 (Table 4) . Both segments showed the T = treatment, P = period; BC = lambs fed bovine colostrum, OC = lambs fed ovine colostrums, GM = general mean n.s. = not significant; *P < 0.05 a,b,c means within a row with different small letters are different by Tukey`s test lowest ratio at 72 h of life (2.49 ± 0.79 and 5.11 ± 1.20, respectively). In the ileum segment, the ratio was not affected by treatments and periods, P > 0.05. The muscle layer thickness did not differ significantly in the duodenum and ileum segment, P > 0.05 (Table 5 ), but in the jejunum the thickness differed significantly among periods, P < 0.05. In this segment, at 72 h of life, the muscle layer thickness was twice higher than at 24 h (128.39 ± 70.86 and 60.90 ± 26.98 µm, respectively).
DISCUSSION
The absence of enterocytes with colostrum filled vacuoles in the duodenum, the first segment to receive the digesta, is in accordance with the results reported by Trahair and Robinson (1989) . These authors concluded that in newborn lambs, the cells in this segment have a negligible contribution to the process of antibody absorption.
The intense vacuolization of enterocytes in the jejunum and ileum segments, especially at 0 and 24 h of life, is a consequence of the internalization process present in the generation of embryonic cells, which is a condition also found by other authors in bovines and ovines (Mebus et al., 1975; Smeaton and SimpsonMorgan, 1985; Trahair and Robinson, 1989; Kaup et al., 1996; Bessi et al., 2002a,b) . In these segments, histomorphologic differences were observed between the BC and OC animals. The lambs fed bovine colostrum, milk secretion with the higher concentration of crude protein including immunoglobulins, showed an intense absorption in the jejunum at 24 h of life, with filled vacuoles in almost the entire length of the villi, suggesting a higher efficiency of absorption in this region. The same, but less frequently, could also be observed in the ileum.
The lambs fed ovine colostrum, in turn, presented a lower frequency of filled vacuoles in the jejunum segment in this period, as well as the lack of absorption in the ileum. According to Kaup et al. (1996) , the presence of large apical vacuoles is related with higher capacity of immunoglobulin absorption. The results of this study indicate that the intake of colostrum with better immune quality promoted the intensification of the mechanisms of macromolecule absorption and increased acquisition of passive protection, data obtained by Moretti et al. (2010) .
The histomorphologic analysis, based on the nuclei position in the enterocyte and the presence or absence of vacuoles, can reveal the developmental stage of the enteric tissue. Enterocytes with apical nuclei and empty or filled vacuoles are present in the villi of young animals close to 0 h of life. Enterocytes with basal nuclei and absence of vacuoles are characteristic of older animals that have gone through the process of gut closure and, therefore, are no longer able to absorb macromolecules. Similar results were observed by Bessi et al. (2002a,b) .
The histomorphometric analysis revealed that the ingestion of colostrum, bovine or ovine, coincided with the increase in crypt depth and decrease in the ratio of villus height to crypt depth, indicating the influence of this milk secretion intake on the growth of the duodenal mucosa. The maintenance of villus height may have occurred due to the presence of factors in colostrum that prolong the cellular life. Bittrich et al. (2004) and Sauter et al. (2004) , working with cattle, did not observe any significant differences in the height of duodenum villi in animals suckled and deprived of colostrum. Hossner et al. (1997) , Bühler et al. (1998) and Blätter et al. (2001) suggested that the higher the supply of colostrum to newborns, the lesser the loss of intestinal mucosa cells. One possibility, also suggested by the authors, to explain this condition is the presence of bioactive factors such as IGF-I in high concentrations in colostrum that is related to the proliferation, differentiation and survival of cells, especially in the duodenal mucosa.
In the jejunum, the BC group showed a decrease in the villus height at 24 h of life while the OC group increased in the height of these structures. These differences may have occurred because of the higher intake of crude protein, including IgG, by the animals fed bovine colostrum. In this segment, the highest enterocytic activity of absorption, observed in the histomorphologic analysis, may have determined cell detritions, cell losses and consequent reduction in villus height. The macromolecule absorption in the first hours of life of goat kids occurs in apoptotic enterocytes, indicating that after intense absorption these cells are lost; this situation observed by CastroAlonso et al. (2008) could also be considered for the present results. Pauletti et al. (2007) also found out a decreased absorptive area in the intestinal epithelium of calves after feeding colostrum with a high antibody concentration. Despite the histomorphometric variations observed in the jejunum segment of BC and OC animals at 24 h of life, the villus height at 72 h did not differ between these groups and was equal to control animals (0 h of life). The probable involvement of the crypts, a region of cell proliferation, in the maintenance of intestinal epithelium may have contributed to the resumption of optimal conditions for absorption after the period of passive acquisition.
In the ileum, the villus height and the ratio of villus height to crypt depth were not influenced by the ingestion of bovine or ovine colostrum. Blätter et al. (2001) did not observe any differences in these histomorphometric analyses of calves under different feeding regiments. In this segment, the greatest depth of the crypts in BC group in relation to OC group indicates that the feeding of newborns with bovine colostrum of good quality can stimulate the 
CONCLUSION
The histological changes related to the ingestion of bovine colostrum did not apparently determine any consequences to enteric physiology. Thus, the results concerning the histomorphologic and histomorphometric aspects confirm a possibility of successfully using bovine colostrum as a substitute for ovine colostrum in newborn lambs.
